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INTRCDBCTIOK 

This report presents the results of step-fey-step solutions of 

the equations of motion derived in Reference 2 for the two forms 

of attachment under consideration* 

The first method, single-Joint attachment, contains three degrees 

of freedom, namely, a motion of the bomber accompanied by a roll and a 

pitch of the fighter relative to the bomber.    The second method, two- 

Joint attachment, prevent* pitching motion of the-fighter relative to 

the bomber, thereby removing one degree of freedom and simplifying the 

amount of labor required for solution of the equations* 

From the resultant oscillations so determined, the wing tip leads 

are calculated, using the equation given in Reference    2   , and the 

loads form the basis for the structural modifications necessary as 

shown in Reference     3   , and therefore, the feasibility of the coupling 

scheme. 

AS-1-T2    , 
fttv.   2/«9 
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A.    Single-Joint Attachment! 

1«    The resultant oscillations have been calculated for a 

symmetrical gu«t disturbance giving rise to pitching motion of the 

bomber and the fighter, and roll of the fighter relative to the 

bomber.    Detailed calculations are shown in Table    I     and the time 

history of the acceleration, velocities, and displacements plotted 

in Figure    3    .    The wing tip shear loads accompanying this disturbed 

motion is given lh Figure 3. 

2.    Similar calculations have been made for an anti- 

symmetrical gust disturbance, causing roll of the bomber and rolling 

and pitching or the righter relative to the bomber.    The results of 

these calculations are shown in Table    II    , and plotted in Figura U 

The wing tip shear leads associated with this form of disturbance 

are plotted against time in Figure 4. 

3*   The yawing motion has been calculated for a side gust 

disturbance acting on the bomber tail, causing yawing of the combination, 

and yawing of the fighter relative to the bomber.    Results are given 

in Table    III, and the motion plotted in Figure      5    .   Wing tip loads 

are plotted in Figure    5« 

$-1-7 2 
(rtv.   2M9 
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8.    TW9^9lB^ AvfocEffPlrt* 

1. The resultant oscillations have been calculated for a 

symmetrical gust disturbance giving rise te pitching motion of the 

combination, and roll of the fighter relative to the bomber.    Detailed 

calculations are shown in Table  IV     and the time history ef the 

diaplacements, velocities, and accelerations platted in Figure    6 , 

The wing tip shear leads and torsional moments referred to the fighter 

center of gravity position that- accompany this disturbed motion is 

given in Figur^  6, 

2. Similar calculations have been made for an anti-symmetrical 

gust disturbance, causing roll -of the combination and roll of the fighter 

relative to the bomber.    The results of this calculation is presented in 

Table    V    , and plotted in Figure    7     •    The wing tip shear loads, and 

torsional moment, referred to the fighter center of gravity position, 

associated with this form of disturbance are plotted against time in 

Figure  7. 

3. The yawing motion, has been calculi ted for a side gust 

disturbance acting on the bomber tail, causing yawing of the combination 

only since the fighter is locked to the bomber for yaw.    The results 

of an analytical solution are plotted in Figure    8    and the wing 

tip loads associated with this disturbance in Figure   9* 
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C    Tabulation of Maximum Wing Tip Loads 

Disturbance 

Pitch 

Roll 

Taw 

SJUigle-Joint Attachment 

Shear Load 

- 255 

1854 

Spanwise 

Chordwise 
2200* 

-Oceupiftg-Seeond s 
After Start 

Seo, 

0.2 

2.0 

0.25 

o.yr 

Two-Joint Attachment 

HShear loSdT 

408 

612 

Spanwise 
36 

Chordwise 
2986* 

^Ke 

Sec, 

Torsionul M 

ft.-lbs. 

.18 

.10 

1.00 

^*2P_ 

- 2528 

2710 

Time 

.Sec, 

0.18 

2.94 

v 

*   Incites 1000# Drag Force of   F-64 Airplane 

From the resnJts of the calculations made in this report, the following pre- 

liminary design loads ere recommended for the purpose of strepsing the wing strue- 

tures.    These design leads in round numbers are ultimate (Factor of 1.5 included}— 

and are believed to be of the correct order of magnitude.. 

-2500#  4 

MAX. CfcNTrjW6Al    FQRC* 

HW. 1AWIM4   MOMtWT -85000 FT-UT 

For single-joint attachment,  the pitching moment is null and the yawing 

reduced to two-thirds of the walne •hewn abowe. ^ 

nt la 

S-l-7 «":"--* 
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LIST OF SYMPCiTS AMD COEFFICIENTS 

The standard definitions and symbols used in aerodynamics hare b«en 

retained in this report. The XYZ axes with origin at the center of gravity 

of the bomber are a set of orthogonal axes fixed to the body of the bomber; 

the xyi axes with origin at the center of gravity of the fighter, fixed to 

the body of the fighters. 

•   =   mass of the fighter aiivlane, slugs 

  ~ <! I • Polar moments of inertia,   slug - ft. 

Subscripts with capital letters refer to the bomber 
lowerrcase le tters^tc^ the fighlet 

k =        radius of gyration,  ft. 

R =        Bomber wing  -  semi-span,   ft. 

r        s        Fighter wing  - semi-spap,  ft. 

a^       r        Distance from flapping axis of the fighter to the lift 
vector of the  fighter wing,   ft. 

A     .   •     '   Distance  from bomber pitching axis  (e.g.)  to the, 
fighter pitching axis  (the Joint hinge), ft. 

c Distance from fighter pitch axis  (hinge)  to e.g. of 
fighter,  ft. 

d Distance from MACenter of the fighter wing to fighter e.g., ft, 
* • ' 

lt       *'        tail length of jfche- figbter^fW 

0        s        roll angle of the bomber wing-plane from horizontal 
plane of the   space  axes,  rad. 

fr      -        flip-angle"oT the"TlgfiteJ wing-plane from the bomber 
wing-plane,  rad.   (relative coordinate) 

0     —*--     pitch    angle of the bomber wing-plane from the horisontal 
plane of the space axes,  rad. 

r*Pvri 
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pitch angle of the fighter wing-plane from the horisontal 
plane of the space axes, rad. 

«    yaw angle of the bomber wing frcrn the vertical plane XZ 
of the  space axes,  rad,, 

•relative yaw angle of the fighter from the bomber,  rad. 

MSunmation of incremental fighter wing lift caused by 
disturbed motion,   lbs. 

«Hfamatipnof incremental-fighter-tall llfte-eauaeeV-by 
diaturbed motion,   lbs = 

*    External rolling disturbance on combination, ft.  lbse. 

'o 

7    External roiling aisturbance on fighter about binge,, ft. lbs. 

• External pitching disturbance due to anti-srnmetric guetT 
on fighter, ft. lbs. 

• External pitching disturbance on coablnationY"Tt7~lbs. 

• External pitching disturbance on boeber, ft. lbs. 

• External pitching disturbance due to symmetric gust oh 
fighter, ft.  lbs^   .''... ,    :v   _ 

,\ .   :. 
• External rolling disturbance on fighter, ft. lbs. 

oceurrihg with pilch wotionr^ 

•*-External yawing-disturbance on combination, "ft. lbs. 

Ni  = External yawing disturbance on fighter, ft. lbs. 

roc Mr,    •    Fighter  fuselage pitching •owent_due-to^ej5gli of attack 
change,, ft. lbs./rad. 

S ' «    Fighter wing-area, ft. 

^T     r   Level flight speed, ft.yseCi 
''' C: 

<L.       m   Dynamic pressure, lbsi/sq. ft. 

S  ••.:   =    Control deflection, tad.   (NACA convention^    signs) 

k        ryAuto-pilot rate control ratio 

K = //Auto-pilot diflpli.cement control ratio 

— ft•». JLLk 
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Subscripts^    j 

1-  *    *%wlng iL  -    taJJL 

e    -   elevator f-  , -    flap 

a - ailaronu 

0*0 

Subacripte    B    0    /3 , /3 , #,, OC «tc denote partial differntiatioii irtttt 

respect to the variables,  as L^    , L«       etc.,  etc.    - -—r     j      "*TJ—  etc., 
—T~7 c?<^ erm 

•to, 

Positive direction for angles, velocities and accelerations, and distances of 

the forces aro Indicated-in-Pig. 1 which e.ows schematicallj the two proposed 

Methods of coupling considered. 
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A.    Single-Joint Attachment* 

The derivation  of the equations^" motion is given in Reference 2 

and the results repeated here for the values of the mass and geometric 

parameters as follows: 

iy-y r 1000 x 103 slugs-ft.2 

m 3 4.53.-4 slugs 

A : 3.25 ft. 

e o5912 ft. 

r 18.3 ft. 

*x 5.61 ft. 

Iy_y 18.59 x 103 slugs-ft.2 

ft .2217 ft. 

*x-x r 1712 x 103 slugs-ft.2 

R * r s 90 ft. 

I.-> mm 2712 x 103 slugs-ft.2 

k« - 8.36 ft. 

, 1.    Pitch Disturbance 

a) Pitch of B-50» 

£-153-713 D2 - (36.377 - 61.412 k.) D   •   61.412 Ke"]p 

+ [l009.58D2   +   713.37~D~+   108.30 ~]   * 

+ Tl.7423D2   *   7.3613 D   •   8* 33^"] oC      »   M© x 10"3 (1) 

S-l-72 
H.v.    2/i»9 
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b)    Flap of F-64t 

[165.49 D2+  (118.49 - 172.9 ke - 112.56 ka) D - (172.9 *e + 112.56 Ka)] 8 

4    [- 26.966 D2 - 417.24 ]   * 

+    [l- 4.905,3 D2 - 20.725 D - 230A1 OC »   L2 x 10"3 (2) 

• )   Ptteh ef F-64* 

f- 4.273 D2 - (15.389 - 176.97 \±) D + 176.97 *."] p> 

+     [^8712 D2+  8.4246*1   » 

• Tl8.753 D24 21.a3 D4 128.79")o<.    #   HZ x 10"3 (3) 
.J ... • - . " 1 

2.    Roll Disturbance 

a) Roll of B-50i 

]"9.056P24  8.065 D*]   tf 

+_    fl.j^P2^ il.076 - 1.701 k. * .2251 k^) D - (1.701 K« +   .2251 *»)]£ 

—     [".2039 D 4 23.08] OC     «   UaclO^   1.493 ( 2 ftp + /y 2)       .....  (4) 

b) Flap of F-84» 

* -["7.58 D*f   4.503 DJ   ^.4 [1.655 D2*   (1.185 -1.729 ke-1.1256 km)-(1.729Ka 4 

•'••Si-1 1.1256Ka)]f3 

-  r,2071D4  23.037] oC    r  Li x 10-5    .   7.476   jf2 «      (5) 

4-1-72 
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o)    Pitch of F-84J 

[31.01 D*+74-^ x>]4> 

3*    law Disturbance 

*)    Taw of B-50i 

r [\.S4* D%0,Ct^P + 0,25^]$ -NoXld^. 
(7) 

b)   Taw of F-*4 relative to B-50t 

+ [0. lS3o D" 10Voo^fe P+ 0,I2^&] $ ^ N, K(0-*.. j(8) 

- The equations of notion have been derived in Reference    %     for the 

ease of two-Joint attachment, and they are repeated below for the same 

values of mass and Reowetrio parameters considered previously for the 

single-joint attachment. 

-5^1-72- 
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lo    Pitch Disturbance 

a)    Pitch of the combination! 

-   Mo *l°     -    -  - -<9) 

b)    Flap of the F-64» 

U*lO r5 tm 

2,    Roll Disturbance 

a)    Roll of the B-50^ 

p,o^O'li-7.42^p'14) +pS24 DV^SKD-iaislKja 

- L0* 10   * l«H<j5(jf P "tjOfr <n) 

b)    Flap Of the F-84» 

- L, xW^-IAK* ff  (12) 

3*   lav Disturbance 

S-X-72 

a)   Taw of the combination* 

^O.UD 4 .^l^^iVrn^ ^ Nl, XIO4. 
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The equations of motion of the two proposed coupling schemes are given 

in terms of the external disturbing moments, y%,  La, Li, etc. (Eq. 1 - 13), 

These external disturbing moments are manifested primarily in two ways; 

through abrupt ox1 pre-set deflection of the various control surfaces, or 

through atmospheric gust conditions,, 

For the numerical calculations performed in this report, it is assumed 

that the external disturbing moments are functions of various gusts of different 

Intensity and direction. Subsequent calculations will show the effect of 

various control surface deflection histories upon the resultant oscillations 

and loadso 

A. Pitch Motion 

The type of gust assumed for the ease of pitch motion is shown 

in the following sketch* 

15'/- 3BC. 

t Iff M t t 
• HA 

mm                                     5P 

• t t 

F-S4 5PAN 

L*   0 n      *4 

B~5a SPAM 

-io'/W 

where the maximum value of the up gust (25f/sec.) is constant along the 

B-50 span, and the maximum value of the down gust (lO'/8ec.) is constant 

along the 2-F-64 wing spans. 
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The form of the gust assumed 1B given by the equation 

and is shown plotted in Figure     2     •    The maximum value of   2    Is ,0368 

and occurs at    t a 002 sec, Therefore, the guat on tte bomber is 

The gust on the fighter is 

*.*/* AT      * -   ~ X - -IIZ'S, • /sec. 

The corresponding increase in angle of attack of the B-50 and the F-84. ist 

hoc 
F-84- 

-2 ^^s^^i 
V        44o 

The disturbance moments ares 

Combination Pitch (Two-Joint)x 

Bomber Pitch (Single-Joint): 

/aM\ CPC e-5o 

jjr, H<44i4-^io°X; /fr-i-te 

S-X-72 
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Fighter Pitch (Sinple-Joint)i 

~^ M,"- |5c § «t to F-84 

tV (103.5^0) (3. *0(- o&) (s '2 zC)(- m l) 

Fighter-Flapping (Single «*Joint)s 

B. am Hftion 

The roll disturbance is assumed to be caused bj an anti-symmetrical 

gust haying a maximum value of 10/sec. at the fighter wing tips as shown 

in- the sketch below 1 

lit*  J^T 
to'/secl 

Roll of Combination* 

\o'h& 5cC. 

The maximum roll disturbing moment is 

Lo=^ 
>*b 

P iv 

S-l-72 
Rtv.    2/i*9 
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From Reference  1  , page  10 ,  Cip a - .6124 

L0       * 103.5 *1V\Q xitM S x(-bt2U) * ^ 
MAX- ,    V. 44O 

u MA* 
0,^2. y. 10° FT.-wes 

Holl of Fighter* 

The aaxlaua roll noaent due to the disturbance on the F-84 airplane 

about the attachment hinf-e is 

T v 
Uq^ = -92.91 xtp3-5    = -2|/&S.KidU.P5. 

214.5 

Thereforet 

HMA> V
        

V 

I NAX 

Pitch of Fightert 

The pitch moment due to the anti-symmetric gnat is difficult to 

eraluate.    It is assumed that the neutral point of the F-64 airplane is at 

.34 MAC for the C.Q. location of .28 llaC. 

iS-l-72 
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Therefore x 

M 

= _zi/^x(o3(o-3^D(b)(:01^ M ltfty 

M.     = .<\o\ *io   FT--LBS 

The form of the gust is assumed to be that shown in Figure   2 

plotted as a function of time.    Thereforei 

Lr>~ 
oM 

-o 
'•<>*>&% 

x-\o6X--'-'B..So4xiOtoH   FT.-Lbs. 

L, 
2H!   Klo

3 X "-- T^.O^2>>c(03X~FT.-LBS- 
•o3^S 

•5OJMO    10\X * 24. H&4 M° XFF~L85. 
N/\,*    -o3os 

C.    Jaw, M9U9P 

The yawing motion is assumed to result from a side gust of 50'/8*0* acting 

at the tails of the homber and fighter.    The form of the gust satisfies the 

expression  

and is plotted as a function of time in Figure     2 ".    Therefore, the various 

disturbance moments in yaw are* 

S-l-72 
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B-50 lawt 

No =  \oj.S *3o€>^Z..8o&-5l.2  "-^ [e_i" OT^ )J 

tsj0- -Z.539^io"[e^Q-e •3t/,   ^ FT-LBS. 

F«€4 lam 

Hi ^:^4f.M 
t IT 

F-5^ 
V 

2<s° r_-^v;- ^-2-t\i 250   r -yv,        -2t\ I 

Combination Xawt 
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MOTION SZ3BI 

The time! history of the resultant esdilations nay be computed from 

the gust disturbances by solving the system of simultaneous differential 

equations derived Jn Reference     2    and given in this report, Since an 

analytical solution appears to be time-consuming, a step-by-step solution 

was resorted to*    The basic equation of the"~step-by-step solution, using 

the variable 0 as an example, ares    _-.-. 

Hence, the values of the displacement and velocity are dependent upon the 

value of the acceleration which may be determined at every Interval of time* 

The calculations have been performed for the ease oft 

A    s   1,23 ft. 

•    zI  '5912....Ft.. 

K    -    - 1.0 (2-Joint) 

k,   «   0.1 

K,    «   0.03 

Single-Joint 

•   -¥ \ ' 

1.   fltahMQUon. 

The equations of motion he comet 

S-l-72 
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Pitch of B-50» 

Plap of F-84« 

Pitch of F-BAl 

[-\\,7TbD>2.308 Dt:5.3o^]^ + UlilDV?^^ 

1 
i 

Dividing Equation H by 1CT and rearranging! 

1.0096 B    - .053713 P>"   *    .0017423 oC'r   A ... (17) 

Dividing Equation 15 by 102 and rearranging 

-,aU^ue"'+l^5^ft"-lo4^or«^' = 8. ---(19) 

and rearranging Equation 16: 

,%}\i em--i\x)w- +i&i5*oc -c ." (20) 

5-1-72 
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Wherei 

•I 

-r       '        'I 

e 

tc, etc. 

IT 

B 

- .053713 

1.65^9 

.0017423 

- .04905 

G -4.273 18.753 

— 1.0096 - .053713 .0017423 
m   •2DVOO 

.8712 - 4.273 

.U4/V/5 

18.753 

—^etc.jete. 

r *." 
*   a   .98897 A • .032885 B  *  .0001788 C (21) 

ft"  •   .1625 A * .61363 B  •  .00162  C (22) 

0^" r  - .00937A •  .1383 B  +  .053678 C (23) 

Table    I   presents the numerical etep-by-atep calculation and the results 
•/ \s 

of the computation are plotted In Figure 3 
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2,    RollMotion 

The equatiow of motion for the roll becoeei 
i 

——Roll of B-501 

[j,05bD" + S-oi^s DJ ^ + T1,5'l&°1, +- ^°^ P "".'05163*3 

(24) 

Flap of F-e^i 

[T-5-o D^t ^.So3 D] cj> +• [|, 6S9 D> 1.0I1D-. OStR]/^ 

I    1 (25) 

Pitch of F-641 

p^TiAT^^ir^^ 

Rearranging* 

9.056   0    4     1.5l6fr" P •      A 

7,58     i    +     1.655 (V* 

1 

21.01     4    •     4.273 V - 1B.595X" *     Ci 

S.l-72 
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Wherei 

IT 

+ 2|.i\ <*" -t |iV)koC 

Solving for   0     , etc. 

r 
7 V 

.4733 Ai  - .4336 Bx (27) 

2,5900 Bi  - 2.1679 *i (28) 

.03664 AX  • .1053 Bi - .05377 Ci (29) 

Table    II presents the numerical step-by-step calculation, and the 

results of the computation are plotted In Figure   4* 

3. 

The equations of the yaw aotion become! 

B-50 lawi 

5-1-72 
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Wheret 

+.2o")lo(.' ^ i3.0VJoC 

+ 21.1\ OL" -t MO^oC 

Solving for   0     9 etc. 

r 
oC" 

Table    II presents the numerical step-by-step calculation, and the 

results of the computation are plotted in Figure   4. 

.4733 AX - .4336 Bj. (27) 

2.5900 BX - 2.1679 Ai (28) 

.036U AX • .1053 Bi - .05377 Ci (29) 

3. In Mrtlro 

The equations of the yaw motion becomet 

B-50 law* 

S-l-72 
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F-64 Taws 

[>1U D^-hoHUD+aiqsfy +-r-l?3oDt.bbl,qUjf,j7«||]^ 

- ^l^e*[i-e*] . ,-z^d^li- 
These equations nay be rearranged to 

9.957 *\l>%   1.542 $**  •  A2 

.768 -\>"  +   .183 "£*" «  B2 

(32) 

(33) 

Wheret 

*z • -a^9e^['-^]-.s^y'-M>r|^.ciiy\S"-,V?|W 

Solution of (32) and (33) yields* 

(34) 

(35) 

Using these equations, a step-by-step analysis was made.    Table  III 

Jhoiro the calculations performed and the results are plotted    in Figure   5. 

l.  fiv?h misn 

i        For the ease considered, the pitch equations for the two-joint 

attachment becomet 

S-l-72 
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Pitch of Combination: 

(36) 

Flap of F-841 

[uksii t>% MS«t D i- [o.<\Hp - [><U D%io^D'ii7.i3l © 
Ll' 

* -is.13 2; (37) 

These equations of the form 

1,0506 e .0623 ft"   « 
— S  

- .3191   *     *     1.6571 ft" • 

1 

A3 

»3 

where: 

^ij   g — -1*376-1-^ -a—2»1903 A-A. 

B3    c   -   15.73 I    -   1.18U ft"  -   10.93 ft    •   .2059 ©   •   27.13 • f 
Solving for %     ap3 (V1    , 

til 
e   a 

*3 - .0623 

B3 l.< 

.9411 A3 4 .0354 B3 

f" 

1.0506 - .06^3 

- .3191 1.657i 

1.0506 h m 

- .3191 B3 

s-1-72 

1.0506      - .0623 

- .3191    1.6571 

a    .1812. A3 4. .5967 B3 

(38) 

(39) 
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For the step-by-step computations of Table 17 , "~the~values of Ao hmve 

been multiplied by 16.039 and the values of B3 by 4.857. The corresponding 

values for the accelerations are* 

Wheret 

»   •  .0587 A • .00729 B 

ft1' s  .0113 A • .5967 B 

A   =  16.039 A3 ,  B =  4.857 B3 

U0) 

(41) 

The resulting motions are plotted as a function of time in Figure <o. 

2. Roll Motion 

The equations of motion for the two-joint attachment, using 

K    •    - 1, becomet 

Roll of B-50I 

Flap of F-84» 

(A3) 

\s-1-f2 
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Date July IB, 194? ~T~^ 

These equations axe of the form 

9.093 i 1.524 r •     Aj 

7.576 *T •     1.657  B"     s     B4 

(U) 

(45) 

Wherei 

Solving Equations (44) and (45)* 

lo524 

1,657 

i  • 
9«093  1.524 

7.576  1.657 

etc, 

*"    s   .4706   A4 - .4328   B4 (46) 

Q"   « -2.1516 A^ • 2.5824 B^ U7) 

Table     V    presents the numerical step-by-step calculation and Figure 7 

shows the resulting motion of the airplanes. 

S-l-72 
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3.    Yaw Motion 

The equation for yaw becomest 

The acceleration is 

y - -,osWf -.mMS^-.i^4[ert(r-eH)]    us> 

Table 71presents the numerical solution for the motion plotted 

in Figure 8. 

Spi-,1'2 
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DETERMINATION OF LOADS AT JOINT 

The joint loads are determined by. obtaining the equilibrium of the 

forces, (aerodynamic, external and inertia), and the moments acting upon 

the F-84 airplane. This implies that the loads on the B-50 airplane are 

equal in magnitude, but of opposite sign. 

The loads may be classified ass 

1. Singledoint Attachment 

a) A vertical reaction force, Rpy, acting at the hinge 

location for roll and pitch motions,, 

b) A horizontal reaction force acting at the hinge 

location for yaw motion, consisting of a spanwlse component, Rp«,, ant* 

a chordwise component, RFH_» 

2. TwcWoint Attachment 

a) A vertical reaction force, Rp , referred to the 

C.G. position, .28 c^of the fighter airplane for-roll and pitoh motion. 

b) A horizontal reaction force referred to the C.G. 

position, .28 c, of the fighter for yaw motion consisting of a spanwlse 

component, Rp^, and a chordwise component, Rp . 

o) A torsional moment, ?Ap , referred to the C.G, position 

.28 c, of the fighter airplane for roll and pitch motions. 

d) A yawing moment, My, referred to the C.G. position, 

.28 o, of the fighter airplane for yaw motion. 

S-lr72 
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A.    Single-Joint Attachment 

1.    Pitch Motion 

The vertical reaction force is given by» 

- Z.^U+L^-Lja.to*.^ S4 

Substituting the values of the constantst 

; ^\Ayoc~ \TAMO6L V.^.^s^_ct-|.TO-e;; 

The numerical calculations for the pitch reaction force are given 

i» Table   JfHr and the results plotted in Figur*   3„ 

2.    fioll Mo^on 

The vertical reaction force in roll is given byt 

%= • f" *• +^0***} f'+^ e f "^ ~ ^(H+W)~~ "7 -(50) 

Substituting the values of the constants and equivalents! 

£Fv= |(f[ft.-L^p*+4.651 tf-.4-rtbft- + «K>6o4 <b"-+15,^2^" 

The numerical calculations for the roll reacti n force are given in 

Table VIII, and the results plotted in Figure A» 

R>v. 2M9' 
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3o   Taw Motion 

The yawing loads Imposed by the notion can be expressed as* 

-SpanwiBe Force I   g^ --a^^ffl/gpA t VK fe*iffi-' —^—'^^j 

Chordwise Forcei   g>F  -S -'VVV (R+I^L" — "\V| ft$"  ...   - - v 

Substituting the knew* values of the coefficients: 

£      - \0* [b3l3^ + 1+0. &oU>'"]   ..._..-. 
-Hi 

The numerical calculations for the yaw reaction forces are given 

in Table  VI     f and the results plotted in Figure   5. 

B.   Two-Joint Attaohaent 

1.    Pitch Moaent 

a)   The equation for the vertical reaction force ia pitch 

for the two-joint attachment iss 

or 

S-l-72 
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IT)The equation for the tOTBional moment referred to the 

center of gravity position of the F-64. i«* 

or 

The numerical calculations for the pitch reaction force and twisting 

moment are given in Table  Q     and the results plotted in Figure 60 

2.    Roll ¥otion 

a) The equation for the vertical reaction fores In roll for 

the two-joint attachment isi 

or substitutingt 

b) The equation for the torsional moment referred to the C.G. 

of the F-64. 1st 

WlT--[U^-Lrilt>^I .   ..... ..(^3 
where t   X is static margin of F-84    •   - oM3 ft« 

or subst2Ltutingt .> 

The numerical calculations for the roll reaction force'and torsional 

moment are given in Table X      and the results plotted la Figure 7. 

S-l-7 2 
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a) The equation for the reaction forces associated with the 

yawing forces arei 

Spanwise Force i   ^  £ "^*"CVl ------ ~      (64) 

Chordwise Force 1  f^c  5 "tyjVT" .. „,._--_  - (65 )_ 

6^-fi icf [Uf]y^--~ — (67) 

b) The yawing moment, referred to the chordwise position of 

the center of gravity of the F-84 is 

M-^^/L-vJT- - > - --•-.- (68) 

The numerical calculation for the yaw reaction forces and moment 

are given in Table XI and the results plotted in Figure 9* 

8-l-M 
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(UNPUBLISHED CARC) 

ATI 100 167 

CONFIDENT!*!. 

(COPIES  OBTAINABLE  FROM  CADO) 

REPUBLIC   AVIATION   CORP.,   F ARM j NGDALE,   L.'..,   N.Y. 
(REPORT   NOO   EDR=f905°103) 

CALCULATIONS   OF   MOTSONS   AND   LOADS   RESU11 !NG   FROM  GUST 
DISTURBANCES   ACTING   UPON   AsRCRAFI    IN  COUPLED  FLIGHT 

H.R.   LUJ   S.   HELFMAN;   J.   CANGELOSi:   AND  OTHERS     18 JULY J49 
59PP     TABLES9GRAPHS 

USAF  PROJECT   MX-1010 

AERODYNAMICS   (2) 
AERODYNAMIC   LOADS   (8) 

AIRPLANES  -  GUST   LOADS 
AIRPLANES  -  STABILITY 
AIRPLANES  -   WING-TIP   COUPLING 
=ROJECT  M*-i016 
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